Recently, the CDF collaboration has reported a measurement of the CP asymmetry in the B → ψK S decay: a ψK S = 0.79 
Recently, the CDF collaboration has reported a preliminary measurement of the CP asymmetry in the B → ψK S decay [1]: a ψK S = 0.79 = a ψK S sin(∆m B t).
(Previous searches have been reported by OPAL [2] and by CDF [3] .) Within the Standard Model, the value of a ψK S can be cleanly interpreted in terms of the angle β of the unitarity triangle, a ψK S = sin 2β. The resulting constraint is still weak, however, compared to the indirect bounds from measurements of |V ub /V cb |, ∆m B and ε K [4]:
sin 2β ∈ [+0.4, +0.8].
Yet, the CDF measurement is quite powerful in constraining contributions from new physics to the B −B mixing amplitude. It is the purpose of this work to investigate this constraint.
We focus our analysis on a large class of models of new physics with the following features:
(i) The 3 × 3 CKM matrix is unitary. In particular, the following unitarity relation is satisfied:
(ii) Tree-level decays are dominated by the Standard Model contributions. In particular, the following bound, which is based on measurements of Standard Model tree level processes only, is satisfied:
The first assumption is satisfied by all models with only three quark generations (that is, neither fourth generation quarks nor quarks in vector-like representations of the Standard Model). The second assumption is satisfied in many extensions of the Standard Model, such as most models of supersymmetry with R-parity and left-right symmetric models. There exist, however, viable models where this assumption may fail, such as supersymmetry without R-parity (see, for example, the discussion in [5, 6] ). Within the class of models that satisfies (i) and (ii), our analysis is model-independent.
The effect of new physics that we are interested in is the contribution to the B − B mixing amplitude, M 12 − i 2 Γ 12 . Our second assumption implies that
The modification of M 12 can be parameterized as follows (see, for example, [7, 4] ):
The experimental measurement of ∆m B provides bounds on r 2 d while the new CDF measurement of a ψK S gives the first constraint on 2θ d .
The implications for CP violation in B decays of models with the above features has been discussed in refs. [8] [9] [10] [11] [12] [13] [14] [15] [16] . Analyses that are similar to ours have also appeared, prior to the CDF measurement, in refs. [17] [18] [19] [20] [21] [22] 7] .
To derive bounds on r 2 d and 2θ d we need to know the allowed range for the relevant CKM parameters. Assuming CKM unitarity (4) and Standard Model dominance in tree decays (5), we get:
Note that these ranges are much larger than the Standard Model ranges. The reason for that is that we do not use here the ∆m B and ε K constraints. These are loop processes and, in our framework, could receive large contributions from new physics.
Let us first update the constraint on r 2 d . To do so, we write the Standard Model contribution to ∆m B in the following way (see [23, 4] for definitions and numerical values of the relevant parameters):
2.36
The main uncertainties in this calculation come from eq. (8) and from
Using
we find:
Next we derive the new constraint on 2θ d . With the parameterization (7), we have
Defining
where both β max andβ min are defined to lie in the first quadrant, we find that the following range for 2θ d is allowed:
The constraint (16) can be written simply as
Within our framework, the allowed range for β is given in (9) , that is 2β max ≈ π/3.
Taking the CDF measurement (1) to imply, at the one sigma level,
or, equivalently,
we find 2(β max −β min ) ≈ 2π/9 and, consequently,
If we take a more conservative approach and consider the 95% CL lower bound,
we find 2(β max −β min ) ≈ π/3 and, consequently,
Eq. (20) (or the milder constraint (23)), being the first constraint on θ d , is our main result.
There are two main ingredients in the derivation of the bounds (20) and (23) . One of them, that is the bound on sin 2(β + θ d ) from the value of a ψK S , is theoretically clean.
The other, that is the bound on sin β from R u , suffers from hadronic uncertanties in the determination of the allowed range for R u . We have used |V ub /V cb | < ∼ 0.10. We emphasize, however, that uncontrolled theoretical errors, that is the hadronic modelling of charmless When investigating specific models of new physics, it is often convenient to use a different parameterization of the new contributions to M 12 . Instead of (7), one uses (see, for example, [21] in the supersymmetric framework and [24] in the left-right symmetric framework):
where M NP 12 is the new physics contribution. The relation between the two parametrizations is given by
To derive the CDF constraints in the (h, σ) plane, the following relations are useful:
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The Standard Model value of Γ 12 /M 12 has been estimated [25] [26] [27] 22] :
We emphasize that there is a large hadronic uncertainty in this estimate, related to the assumption of quark-hadron duality. Eq. (30) leads to the following estimates:
The (possible) measurement of a SL can be used to constrain the Standard Model CKM parameters [22] .
Since (Γ 12 /M 12 ) SM is real to a good approximation, the effects of new physics, within our framework, can be written as follows:
Note the following relation between the two observables:
The lower bound on r ). This, together with constraints from ∆m B , gives bounds on the CP asymmetry in semileptonic B decays, −2×10 −2 < ∼ a SL < ∼ 3×10 −2 .
